The higher subscription, relative importance of voice calls, client's complaints and economy depression that now make clients to get value for money paid and need for more revenue by mobile network operator (MNOs) justified this work. The objective of this work is to measure, analyse, evaluate the performance of MNOs, and to recommend ways to improving their quality of service (QoS). Drive test approach was used for the measurements and statistical methods for the analysis. Results of the analysis shows that the quality of Voice service offered by MNOs is not optimal and there is room for improved quality service. Based on the key performance indicators, the mobile operators did not perform up to expectation. There are differences in the quality of voice service offered across mobile network operator networks based on the time of the day and the area under consideration. MNO1, MNO2, MNO3 and MNO4 gave varying quality of service. MNO4 had absolutely no dropped calls and performed best and consistently gave a retainability ratio above the target. MNO1 performance metrics were below the key performance indicator thresholds given by the Nigerian Communication Commission.
Some of the problems are subscriber's complaints due to low quality of service offered by the mobile network operators (MNO), requesting for valued service for money, etc. Mobile Network Operator's challenges includes irregular power supply for the Base Transceiver Station (BTS), use of expensive to manage and maintain generators, necessity to work alone sometimes instead of co-location sites, etc [8, 11] .Based on the strength of subscriber complaint, MNO challenges and regulatory concerns, there is a need to measure, evaluate and optimize the quality of service of cellular network provided at every part of Nigeria. Measurements and evaluation of the voice calls in Nigeria is currently virtually dependent on data from network operators or their supervisory body [1, 2] .
Hence, it is important to have another evaluation carried out by a third party to investigate the state of the network. In mobile cellular networks, there are two important services made available by MNOs in the sector: data and voice services. As at December 2017, there are about 145 million active lines for voice services and 98 million subscriptions for data services [1] . This makes voice services very important having the widest coverage and deepest penetration, though there has been an appreciable increase in data services too as shown in Figure 3 . Priority is therefore given to voice services as they are also considered the primary service. 0 20,000,000 40,000,000 60,000,000 80,000,000 100,000,000 120,000,000 140,000,000 160,000,000 180,000,000 0 20,000,000 40,000,000 60,000,000 80,000,000 100,000,000 120,000,000 140,000,000 160,000,000 180,000,000 There are two important parties involved in voice services: the calling and the receiving clients. At one end the caller initiates the call, at the other end, the receiver answers the call. Based on the premise establishing the importance of voice services, this paper investigates the quality of service offered in Akure the capital city of Ondo State. Akure is mainly a civil servant and an agro-based state and therefore does not generate as much Average Revenue per User (ARPU) compared to Lagos, Port Harcourt, Kano and Abuja which are the business hubs of the Country. Mobile network operators tend to roll out better services at the aforementioned business hubs of the country. Quality of Service (QoS) in telecommunication is the measure of quality of telecommunications services delivery based on some standard metrics. The measurement of QoS must be based on measures that can be readily interpreted by stakeholders to get realistic result and infer accurate information. Measurement of QoS of radio access quality must begin with a consideration for the users of that service and since it has to be carried out often, it must be cost effective. There are four major techniques for measuring QoS parameters relating to voice services offered in mobile communication. The techniques include: questionnaire, drive test, network management system (NMS) and crowdsourcing [3 -6] . Drive test methods were used by [4] and Emeruma [7] .
Oseni, et al., [4] Kyriazakos et al. [9] , did a comprehensive study and performance evaluation of the operations of GSM and General Packet Radio Service (GPRS) system under varying traffic condition. Network management system (NMS) tool was used for data collection.
Adegoke et al., [10] , Popoola et al., [6] [10] covered 14 states in the federation while the paper by Popoola et al. [6] covered the whole country (Nigeria). Popoola et al. [11] provided comprehensive data on KPI parameters based on data collected from NCC, the data spans two years. The limitation of this research work is firstly; secondary data was used and detailed information from user's perspective in Akure city was not available.
In the light of the research gap highlighted from the reviews and other issues such as increased subscribers, importance of voice calls, client's complaints, need for clients to get value for money and improved revenue for mobile network operators (MNOs) justifies the importance and need for this paper. The objective of this work is to measure and evaluate the quality of voice service offered by MNOs in Akure metropolis. Benchmarking is a technique applied in telecommunication to accurately measure mobile network operator's (MNO) performance against the standards, presented in Table 1 . It assists in analyzing the performance of MNOs and information acquired can be used to check and improve network performance. The research paper analyzed the key performance indicators (KPIs) and RSCP data collected using test drive collection method to carry out an objective evaluation of the QoS offered by network operators in Akure. This work is divided into five sections, section one, two and three are the overview, materials and methods and evaluation criteria respectively. Section four presents and discusses the results and section five concludes the paper.
MATERIALS AND METHODS
Drive test technique was employed to collect the required data for this research work. Drive test is the process of collecting mobile network traffic data from the cellular network in order to know or have an idea of the subscribers' perception of the network from the view of a single subscriber It was carried out to check the network performance by means of coverage evaluation, system availability, network capacity, network retainability and call quality. The materials used are drive test equipment: Laptop, TEMS phones, USB Cables, GPS and Car inverter and software. The software used are TEMS Investigation and Data Collection and MapInfo @ . The time of day analysis was also investigated to check if the timing of service affects the quality. Comparative analysis was also carried out across the mobile network operators available in the region of interest. Summary of the collected data for the three test areas for morning, afternoon and evening (8am -11am, 12 noon -3 pm and 4pm -7 respectively) are shown in the appendix. Only the soft handover details were covered.
EVALUATION CRITERIA
To accurately measure the MNO's performance, the key performance indicators (KPIs) as specified by NCC (NCC, 2018). The KPIs' and their benchmark for good quality of service are given in Table 1 . The call drop rate (CDR) is the proportion of the calls that were cut off before the speaking parties had finished their conversation and before one of them had hung up. Traffic channel congestion rate (TCHCR) is failure in connecting to the service needed by the user after an SDCCH has been assigned. The received signal code power is also an important parameter which was measured. It gives an estimate of the power level the pilot channel of a cell is received and usually expressed in dBm. With this parameter, different cells using the same carrier can be compared and handover or cell selection decision can be taken. Figure 4 . The FUTA campus and environment test route were covered as shown in Figure 5 . The key areas covered are the major roads within FUTA and areas close to the two major gates including the University junction. The key areas covered in OjaArakale area test route are: Oba Adesida road, Ojomu Street, Arakale Road and Ondo Road as shown in Figure  6 . Tables A1-A6 in the Appendix. Figure 10 , 11 and 12 shows the graphical presentation of the RSCP measurements of the mobile network operators at OjaArakale, Alagbaka and FUTA test route respectively. Oja-Arakale area had the best average RSCP measurements across all networks. This might be because Oja-Arakale region is the business hub of the city and the best area to obtain an increasing average revenue per user (ARPU). It is also the best area to make a good impression and hence all networks put in their best to give optimal services at this area. Looking at Figures 10-12 again, it will be noted that a large percentage of measurements from MNO1 were greater than -110 to -92 which signifies weak signal strength. With weak RSCP, subscribers will have more difficulties connecting to and maintaining the network link during calls. Averagely, all other networks performed well. 
Call Drop Rate
The target dropped call rate (CDR) given by NCC is 2% and from Figure 14 it can be seen that at five different instances, the MNOs had an overshoot above the target. MNO2 consistently gave an average CDR above the target at Alagbaka: 2.56%, 2.86% and 9.09% for the morning, afternoon and evening measurements respectively. MNO1 had an overshoot at FUTA area in the morning and evening though worst in the morning with a value of 6.67% and 3.03% in the evening. There were no dropped calls at the Oja-Arakale region and MNO4 had absolutely no dropped calls and performed best. MNO3 also performed well and had CDR below the target. 
Call Completion Rate or Voice Service Retainability
Ratio At the FUTA area, MNO1 gave a service retention ratio of 93.33% and 96.97% for the morning and evening measurements which is below the target of 100% specified by NCC. MNO2 peformed below the target at Alagbaka for morning, afternoon and evening sessions; 97.44%, 97.14% and 90.91% respectively. While MNO3 had a retainability ratio below the target at OjaArakale area in the evening with 98.55%.
Other Key Performance Indicators (Kpi) Analysis
Soft handover (SHO) success rate was 100% across all mobile network operators for all areas and at all times. This signifies that all the base stations performed optimally considering the SHO. Radio resource control (RRC) protocol functions includes: establishing connection, release funtion, broadcast information, radio bearer establishment etc. RCC congestion rate was 100% for MNO 3 for all areas and at all times. MNO4 also had 100% RRC connection rate at all areas in the afteroon and evening, this is shown in Figure 16 . The morning measurement for MNO 4 in the morning at FUTA region was below 60%. MNO1 gave the worst RCC congestion rate in the evening and performed much better in the morning and afternoon. Critically evaluating the measurements, MNO1 had an average CSSR of 90.13% and overshoot CDR at FUTA area in the morning and evening, with average value of 1.07%. The average retention ratio was 98.92% MNO2 gave the best CSSR of 98.25% but consistently gave an average CDR above 2% at Alagbaka area: 2.56%, 2.86% and 9.09% and retainability ratio below the target of 97.44%, 97.14% and 90.91% for the morning, afternoon and evening measurements respectively. MNO2 had an average CDR and retainability rato of 1.61% and 98.84% respectively. MNO3 had the worst CSSR of 88.33% and performed below the target at all the coverage areas at all times but once the subscriber is connected, the call drop rates were minimal and below 2%. The retainability ratio was normal except at the Oja-Arakale area where it was 98.55%. MNO4 had an average CSSR value of 95.11% which is below the target of 98%, which was due to a very low CSSR value at FUTA area in the morning with of 57.89%. For all other times, the CSSR value for MNO4 was above 98%. MNO4 had absolutely no dropped calls and performed best and consistently gave a retainability ratio above the target. Variables  MN  O1  MNO2 MNO3 MNO4  MN  O1  MNO2 MNO3 MNO4  MNO  1  MNO2 MNO3 MNO4   Call attempts  20  27  26  24  20  27  30  26  64  77  83  79  Call set up  20  27  24  24  20  27  25  26  63  76  69  78  Drop calls  0  0  0  0  0  0  0  0  0  0  1  0 Morning  Afternoon  Evening   Variables  MN  O1  MNO2 MNO3 MNO4  MN  O1  MNO2 MNO3 MNO4  MNO  1  MNO2 MNO3 MNO4   Blocked Calls  0  0  2  0  0  0  5  0  1  1  14  1  RRC Established  8  27  26  30  8  27  30  33  22  80  83 
